Introduction {#S0001}
============

Cystic fibrosis (CF) is a common genetic disorder of ion transport in epithelial cells as a result of mutation in the CF transmembrane conductance regulator gene which affects chloride channel function and fluid secretion in organs, especially the respiratory system and gastrointestinal tract (GI). The disease is characterized by chronic energy deficiency resulting in poor survival of patients \[[@CIT0001]\]. Body weight and fat are two factors that positively affect CF patients' survival, and decreased body mass index (BMI) worsens lung function and is an independent risk factor for mortality in CF \[[@CIT0002]\].

Weight loss in CF patients seems to be multifactorial and the exact cause is still obscure. However, metabolic factors, increased inflammation, recurrent infections and poor appetite are possible candidates. The interactions between peptide hormones affect appetite and food uptake and increase in inflammatory system activation and cytokine levels such as IL1, IL6 and TNF -- are mentioned to be involved in the wasting process in CF \[[@CIT0003]\].

Ghrelin, a hormone secreted by enteroendocrine cells of the gastric mucosa, was discovered in 1999 by Kojima *et al*. \[[@CIT0003]\] and is mentioned as an important factor in appetite stimulation and energy hemostasis. Ghrelin affects energy hemostasis by stimulating growth hormone (GH) secretion, glucose and lipid metabolism alteration and inhibition of the inflammatory system \[[@CIT0004]--[@CIT0009]\].

Ghrelin is generated from a precursor called pre-pro ghrelin and during post-translational modifications, the acylated form is produced (octanoylated ghrelin). This acylation is necessary for the peptide to be able to bind to its receptor called GH-R1 to exert its biological effects \[[@CIT0010]--[@CIT0013]\]. According to the literature, although the dominant form of ghrelin peptide in plasma is the unacylated ghrelin, its biological activities depend on the peptide acylation \[[@CIT0007]\]. Data on the role of ghrelin in energy deficiency in CF patients are scarce and controversial. Cohen *et al*., in a study in CF subjects, measured lymphocytic ghrelin receptor expression and BMI \[[@CIT0014]\] and in another study on adult CF cases, they measured ghrelin levels \[[@CIT0002]\].

Nevertheless, the existing data are mostly on the association of the unacylated form of ghrelin and CF energy wasting, while the role of the acylated form of the peptide is not mentioned. In addition, there is only limited research about this hormone and CF, and to our knowledge there are no published data concerning young children yet. To further investigate the role of ghrelin in children with cystic fibrosis related wasting, we studied cystic fibrosis patients in the Children\'s Medical Center Hospital, the major children\'s hospital of Iran, which is a tertiary university hospital admitting many patients from all parts of Iran. The scope of this research is to compare the plasma levels of the acylated form of ghrelin in CF patients with healthy participants and explore probable differences between plasma levels of this peptide and albumin, BMI markers and stool fat in two groups.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

Between May 2008 and May 2010, thirty cystic fibrosis patients (14 male and 16 female, mean age: 45.3 ±8.26 months, range 1 to 168 months) and thirty healthy participants matched for age and sex (15 male and 15 female, mean age 54.5 ±8.6 months, range 8 to 180 months) were enrolled in this case- control study. Written informed consent was obtained from their families.

The patients were diagnosed using high sweat chloride concentration (greater than 60 mEq/l) on two samples and in a few (6 cases) confirmed by genetic analysis (PCR). All the patients were clinically stable and had no evidence of pulmonary exacerbation such as cough or dyspnea. All patients with pancreatic insufficiency were treated with enzyme replacement therapy and had no clinical signs or symptoms such as pancreatitis. Screening was done for all participants by medical history and physical examination. Body weight and height were measured and BMI (kg/m2) was then calculated \[[@CIT0015]\]. Blood sampling from all the participants was performed after overnight fasting in older children in tubes containing EDTA and *p*-hydroxymercuribenzoic acid to prevent degradation of acylated ghrelin. Samples were then centrifuged twice at +4°C with addition of HCl. The supernatants were stored at --20°C until assayed according to the manufacturer\'s guidelines (human acylated ghrelin ELISA kit, Biovendor, Czech Republic).

Ghrelin assessment {#S20004}
------------------

Serum ghrelin level was measured using a commercial enzyme immunometric assay (human acylated ghrelin ELISA kit, Biovendor, Czech Republic) \[[@CIT0016]\]. The assay was based on a double-antibody sandwich technique. The antibody within the kit has no cross-reaction with any other relevant proteins within the samples according to the manufacturer. The kit contained 8 standards with different concentrations. In order to confirm the results and assess their precision, 10 of the samples were measured twice and the duplicated data were compared with the initial ones.

Fecal fat measurement was also performed using Sudan staining \[[@CIT0017]\] and the serum albumin levels were measured using a Hitachi autoanalyser (Hitachi 717 autoanalyser, Tokyo, Japan).

Statistical analysis {#S20005}
--------------------

The results are expressed as mean ± SEM. Data were tested for normality using the Kolmogorov-Smirnov test using *p* = 0.05 as the threshold for rejection of normality. Statistical analysis was performed using SPSS version 16.0.1 (SPSS Inc., Chicago, IL, U.S.A.). The statistical differences between proportions were determined by χ2 analysis; the statistical significance of differences between means was determined by Mann-Whitney *U* analysis for nonparametric and independent Student\'s *t*-test analysis for normal values. The correlation between numerical data was analyzed using linear regression. Value of *p* \< 0.05 was considered as significant.

The authors had no conflict of interest. The study protocol was approved by the Department Research Committee of Tehran University of Medical Sciences and written informed consent was obtained from all participants prior to blood tests.

Results {#S0006}
=======

The characteristic data of the two groups are shown in [Table I](#T0001){ref-type="table"}. There was no statistically significant difference between the two groups in age or gender distribution. Plasma levels of acylated ghrelin in CF patients were significantly higher than the control group (mean 25-75%: 14.5 vs. 2.7, *p* = 0.032), [Figure 1](#F0001){ref-type="fig"}. Body mass index values in CF patients were statistically significantly lower than the control group (*p* \< 0.001); also the prevalence of being underweight (BMI \< 20 kg/m2) in patients was higher than in controls (*p* = 0.006). The mean body weight in the control group was higher than CF patients and the difference was statistically significant (*p* = 0.03). The albumin plasma level in CF patients was lower than the control group (*p* = 0.008) but there was no statistically significant difference between the two groups in fecal fat. There was no statistically significant difference between males and females in BMI, albumin or ghrelin levels within groups. According to regression analysis there was no statistical significant correlation between plasma ghrelin levels and serum albumin, weight, height or BMI values in CF patients or the control group.

![Distribution of median plasma levels of acylated ghrelin in 30 patients with cystic fibrosis (CF) and 30 healthy controls (NL)](AMS-9-18577-g001){#F0001}

###### 

Anthropometric characteristics in CF (cystic fibrosis) patients and healthy control (NL) group (mean ± SEM)

  Parameter           CF (*n* = 30)   NL (*n* = 30)   Value of *p*
  ------------------- --------------- --------------- ----------------------------
  Weight \[kg\]       15.7 ±2.6       20.7 ±2.07      0.03
  BMI \[kg/m^2^\]     19.5 ±4.2       20.34 ±0.65     \< 0.001
  Albumin \[mg/dl\]   4.4 ±1.1        4.8 ±0.08       0.008
  Age \[months\]      49.4 ±8.2       54.5 ±8.6       Not statically significant
  Male                14              19              Not statically significant
  Female              16              11              Not statically significant

Discussion {#S0007}
==========

The CF is the most common life-threatening autosomal recessive disease in whites and it is estimated to have an incidence of 1 in 3,200 live births in the United States \[[@CIT0018]\]. The predominant clinical manifestations are variable and the course of the disease ranges from early onset of pulmonary complications leading to death to mild disease appearing later in life. The main predictors of mortality are pulmonary state, airway microbiology, and nutritional factors. Survival has improved nowadays by means of current supportive modulations in many of those affected so we can observe older patients recently and the age of death is higher than the past, and chronic complications such as wasting can be more pronounced in them \[[@CIT0019]\]. There are many factors affecting energy balance in our body, e.g. hormones, the inflammatory system and va rious cytokines; some have a positive and some a negative effect on energy balance. Among these, it is mentioned that ghrelin plays a major role in energy balance by increasing appetite and food uptake and decreasing energy wasting \[[@CIT0013], [@CIT0014], [@CIT0020], [@CIT0021]\]. Studies on ghrelin levels in CF patients are few and their results are not unanimous.

Cohen *et al*. in 2010 found that CF subjects with low BMI had lower levels of lymphocytic ghrelin receptor expression, while cases with normal BMI and also controls were the same in this regard \[[@CIT0014]\]. In another study on adult CF cases, it was shown that the observed elevated ghrelin levels were a consequence of weight loss, not the cause of it \[[@CIT0002]\].

Our results show that BMI and weight in CF patients are lower than the normal control group and the difference is statistically significant. Also the results show that the plasma levels of acylated ghrelin in CF patients are higher than in the normal control group, which is also statistically significant. These findings are in accordance with the data which support ghrelin\'s positive effect on increasing appetite and food intake, which lead to a positive energy balance \[[@CIT0020]--[@CIT0023]\].

Although there were significant differences between the two groups in BMI (weight and plasma ghrelin levels), there was no correlation between plasma ghrelin levels and BMI or weight. Our data showed decreased levels of plasma albumin in CF patients in comparison to the control group. This finding is in accordance with studies which show decreased plasma albumin in CF patients, which may be due to pancreas or gastrointestinal (GI) tract involvement, malnutrition or respiratory failure in these patients, but our patients had normal pancreas and GI tract function, established by the normal fecal fat test in them \[[@CIT0024]\]. Also participants in this study were clinically stable and no acid-base disorder or pulmonary exacerbation was detected by the clinicians or found in their records. Accor ding to the increased level of acylated ghrelin in our results, it could be concluded that hypoalbuminemia observed in our patients may be due to malnutrition and energy balance deficiency. There are also case reports of undetermined hypoalbuminemia in CF patients with severe esophagitis without GI or pancreatic involvement. In the mentioned studies, hypoalbuminemia resolved after esophagitis was cured \[[@CIT0025]\].

To our knowledge, no study has examined the relation between plasma level of acylated ghrelin with CF disease. The few existing studies explored unacylated ghrelin levels in CF patients; most of them showed increased levels of plasma ghrelin in CF patients, although some showed opposite results \[[@CIT0001], [@CIT0002]\].

In conclusion, acylated ghrelin levels are increased in CF patients, probably due to energy deficiency in them, and this shows that plasma ghrelin levels have an inverse relation to energy uptake. So plasma levels of acylated ghrelin could be used as an indicator of food uptake and energy balance in CF patients.

There were some limitations in our study. Lung performance was not measured in this study to analyze the relation between acylated ghrelin level and pulmonary function. Also tissue ghrelin levels should be measured to have a better interpretation of the body response to the disease. And as we know, CF is the result of a spectrum of mutations and the differences we noted may be due to the divergent nature of the disease. Further studies should be performed to determine the exact role of factors affecting energy metabolism and their relations and interactions with each other.
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